(1-phenyl-1,3-butanedionato)cobalt(III) [2] or tris(5-methylhexane-2,4-dionato) cobalt(III) [3] , and the triangular one among three isomers of (acetylacetonato) bis(4,4,4-trifluoro-1-phenyl-1,3-butanedionato)ruthenium(III) [4] , have been discussed in detail.
* To whom correspondence should be addressed . (6) where h is the step size in numerical integration, and Xi'(tn) indicates dXi/ dt at t=nh. In the determination of Xi(tn+1), mole fraction of species i at t= (n+1) h, the predictor is at first calculated to obtain an approximate first value, Xi(tn+ 1 ), and this value is then used in the corrector, where a more accurate value of Xi(tn+i) is obtained. In the initial step of integration, mole fractions of each species at t=0, h, 2h, 3h are required. First, we estimated the initial values at t= 0 by fitting a polynomial function to data, considering the dispersion of experimental data. Next, values at t= h, 2h, 3h were obtained by the fourthorder Runge-Kutta (R-K) method [8] [9] [10] . This numerical integration method was evaluated by use of the analytical solutions [4] that Hoshino et al. have obtained by solving the triangular network reactions system. We adopted h= 1 (min.) by considering the computation time, though smaller step size, h further reduces the error.
The error was less than 0.04%, which was recognized between the two values at t= 10000 obtained by numerical integration with h= 1 and by direct calculation of the function.
Curve-fitting between experimental data and values calculated by the Adams P-C method was executed by the simplex optimization method [11, 12] , which has been widely utilized in the nonlinear least-squares data fitting for chemical kinetics [13] [14] [15] [16] and the adjustment of the instrumental settings for measurements [17, 18] . The quantity being minimized by the simplex algorithm is
where Xij,obs or Xij,cal is the j-th observed or simulated data on species i, respectively, and wi is the weighting factor. In this method, four parameters, k12, k23, k34, and k41, which are independent of one another, are determined by simplex optimization.
Curve fitting and simulation programs for reaction processes, which are written in N88-BASIC, have been executed by using a personal computer, NEC Chromatography ; In order to determine mole fractions of four species in reaction mixtures, liquid chromatography (LC) was used. The experimental details were described elsewhere [21] . The mole fractions of four species in the reaction mixtures were determined by calibrating the peak area taking into account each absorptivity at 520 nm. Throughout the reaction, no product other than four species in reaction solutions was detected by the present LC analyses. Sampling time and the number of data points were taken as the same as those in Fig. 2 . Then, Gaussian noise at a given deviation, which was set to 5%, was added, considering the sample standard deviation in measurements. Needlessto-say, the difference between the initial kti values and calculated ones increases, if more deviation values are adopted. It is readily presumed that the paucity of tris-type species in comparison with the amounts of bis-type ones leads to larger error in the determination of k12. This disadvantage can be removed by setting more values than unity to weighting factors for tris-type in calculating sum-squared error represented by eq. (7). For example, in the case of using tris-A or bis-A species as starting material, W2> Wl= w3= w4= 1 or wit= W23. W3= W4= 1 was used. The relations between weighting factors and errors of kij values obtained from the simulated data are shown in Fig. 3 . As can be seen in Fig. 3 (a) , we can make the error of k12 less than 5% by increasing iv' values, even if only two experimental data sets with tris-type species as starting materials were used similarly to the present experiment. However, the increase of wi was not apparently useful for the decrease of error in k34. As shown in Fig. 3 (b) , more data sets were required to decrease the error of k34.
Next, the effect of the number of data points and the time range of the measurements causing experimental error was investigated. It was shown that the error of km increased reciprocally with the number of data points. In order to obtain more accurate k34 with a small number of data, it was recommended to select bis-type species, in particular bis-A , as a starting material.
In the case of using only two data sets with tris-type species as starting materials, 
